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, We present a new perspective on early cosmology based on Loop Quantum Gravity. We 

' use projected spinnetworks, coherent states and spinfoam techniques, to implement a 

, ^ ' quantum reduction of the full Kinematical Hilbert space of LQG, suitable to describe 

^ inhomogeneous cosmological models. Some preliminary results on the solutions of the 

Scalar constraint of the reduced theory are also presented. 
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'NT ■ 

O^' Loop Quantum Gravity (LQGp' describes a quantum space time at the Planck 

^ • scale made of states of geometry called spinnetworks, eigenvectors of geometrical 

operators like area and volume with discrete spectra. This description of the Planck 
scale poses the problem of understanding how the classical spacetime emerges: there 
are good hints for example from the graviton propagator^ using the spinfoam dy- 
namics)^ and from the semiclassical analysis using AQG.^^ However the exact com- 
■ putations in the full theory are extremely difficult due to an heavy use of SU(2) 

, recoupling theory and the absence of analytical closed formulas for the volume op- 

erator. A natural simplified arena to study the theory is then given by symmetry 



CO . reduced models. The most efficient model in this sense is Loop Quantum Cosmol- 



ogy (LQC).I^This is based on the implementation of a minisuperspace quantization 
scheme, in which the phase space is reduced on a classical level. Nevertheless LQC is 
based on a "loop inspired" quantization that leads to a polymer quantum mechanics 
while a direct derivation from LQG is still missing and it's difficult to accommodate 
in this setting inhomogenities because the theory is defined in the homogeneous re- 



, duced phase space. If we try to relax the homogeneity assumption and we apply 

a loop quantization, we find a consistent algebra but we loos^^ the graph struc- 
ture proper of LQG and it's then not possible to apply Thiemann's procedur^to 
define the Hamiltonian constraint. Starting from these difficulties we introduce a 
new frameworlP QRLG (Quantum Reduced Loop Gravity) to symmetry reduced 
models in which we start from the full LQG theory and implement at the quantum 
level the symmetry reduction. Here we apply QRLG to Bianchi I models.'^ 

Quantum Reduced inhomogeneous Bianchi I The Bianchi I model describes a 
spatial manifold isomorphic to a 3-dimensional hyperplane with 1-forms — Sl^dx"". 
We consider an inhomogeneous extension of this line element with each scale factor 
ai — ai(t,x^) function of time and of the corresponding Gartesian coordinate 
only. Within this assumption, viable in 1) the reparametrized Bianchi I model and 
2) the generalized Kasner solutiorP^l within a fixed Kasner epoch, we can infer the 
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Ashtekar variables: 

Al = c,it,x)Sl Et=p\t,x)51. (1) 

If we consider the vector dual to — S^dx"" i.e di = Sfda, the SU{2) holonomies 
^/i^., along the edges parallel to di, associated with connections ([T]) are given by 

=P(e'4^-'*^'(^)^'), (2) 

where s is the arc length along and the latin indexes are not summed. The fluxes 
across the surfaces S*' dual to e^, compatible with ([T|) are given by 

Ei{S^) = j E^S'^dudv = ,5f J p.dudv. (3) 

The variables ^ can be derived by an SU(2) gauge-fixing that in terms of fluxes 

X^^ea''Ek{S') = Q. (4) 

The conditions (l2|), (jSj, i.e the holonomy-flux version of ([l]), can be implemented 
in the kinematical Hilbert space of LQG i)by considering only edges parallel to 
fiducial vectors uji = di and ii) by the restriction from SU{2) to U{\) group elements 
via the imposition of the condition This is the quantum-reduction we consider. 

The requirement i) can be realized via a projectors P which acts on holonomies 
hf, such that Phf, — if e = e; for some i, otherwise it vanishes. Calling Hp the 
resulting Hilbert space, we can project down to "Hp the action of a generic diffeo- 
morphisms and it turns out that only a subgroup of the whole 3-difFeomorphisms 
group is represented inJip and we call its elements reduced diffeomorphisms. 

As soon the condition @ is concerned, it cannot be implemented as first-class 
condition, because it is a gauge-fixing and it does not commute with the SU(2) Gauss 
constraint. Henceforth, we implement Eq. Q weakly, by mimicking the procedure 
adopted in Spin-Foam models to impose the simplicity constraints. 1^ 

Imposing strongly the Master constraint condition,!^ that arises extracting the 
gauge invariant part of Xi, = X]j XiXi = on T-i-p, it will turn out that Eq. (|4]) 
holds weakly and the classical relation ([3]) can be implemented in a proper subspace 
of T-L-P: as soon as pi are identified with the left invariant vector fields of the U{l)i 
groups generated by r^. In fact if is applied to a SU(2) ft,^. one finds 

X^hl = (8^^llf{T^ - T,Ti)hP,^ , (5) 

thus an appropriate solution to = is given by 

r'^hl^ = , \Jk^i. (6) 

To find the quantum states that implement — strongly and Eq. ([6]) weakly, 
compatible with the restriction to holonomies of the kind ([2]) we introduce partic- 
ular functions over SU{2), completely determined by their restriction to the U{l)i 
subgroups generated by t^, using the Dupuis-Livine map.^^ These functions are 

^(5)e. , g^SU{2) (7) 
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with basis elements solutions of the Master constraint ^Djj{g) = {j,ei\D^ {g)\j,ei) 
for z = 1, 2, 3 with \ j, Ci) standard SU(2) coherent states in the direction tangent 
to ei and D^{g) Wigner matrices. These states also satisfy the condition ^ weakly: 

{^PllEkiS'M) - ^^lllY.'I'i J dg^^,{gWD]^{g)i:l =0, k ^ i. (8) 

In this way the resulting quantum states associated with an edge are entirely 
determined by their projection into the subspace with maximum (minimum) mag- 
netic numbers along the internal direction i. We call the SU{2) states of the form 
([7]) quantum-reduced states and they define a subspace of Hp denoted H^. How- 
ever, because we have established a projection from 7^*^™ to , we can implement 
the original Gauss, Diff and Hamiltonian constraints defined on Ji'^"^ by projection 
on Ji^ . The Gauss constraint is solved introducing some reduced intertwiners, (the 
standard SU{2) ones projected on H^), the Diff constraint is solved by consider- 
ing reduced s-knot states (s-knots restricted to reduced diffeomorphisms) and the 
Hamiltonian constraint can be explicitly computecP because the volume is diago- 
nal on 7^^. We have then an anomaly free theory (the algebra of the constraint 
works like in full LQG) that behaves as a U{1) theory along the edges but keeps 
an SU(2) structure at the nodes allowing to take into account anisotropies and 
inohomogenieties, in an exactly computable framewor 
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